ABSTRACT Kuo, M. J. (Iowa State University, Ames), AND P. A. HARTMAN. Isolation of amylolytic strains of Thermoactinomyces vulgaris and production of thermophilic actinomycete amylases. J. Bacteriol. 92:723-726. 1966.-Of 759 isolates obtained from dung, compost, and soil samples, a culture of Thermoactinomyces vulgaris (strain 5) was selected for further study on the basis of quantities of amylase produced in synthetic and nonsynthetic media, rapid growth and sporulation, culture stability upon prolonged storage at 5 C, and growth temperature range. Inoculum preparation, temperature optimum for amylase formation, and the effects of various kinds and levels of carbon and nitrogen sources on amylase production were studied with T. vulgaris strain 5. An optimal procedure for production of T. vulgaris amylases is proposed.
streaked on the same medium containing 1.0 jug/ml of penicillin G (see also 16) . Amylase production was observed after flooding the plates with Lugol's iodine. Trypticase Soy Agar (14) , modified by addition of 0.2% starch, also was used satisfactorily for some samples. A few samples were plated on arginineglycerol-salt (AGS) medium (2), modified Benedict's medium (8) , 0.5% starch-agar, and glycerol-asparagine-agar II (15) ; however, use of these media was discontinued early in the study because colony yields were low.
Purified cultures were examined for rapidity of growth. Each isolate was inoculated onto slants of starch medium Ta which were incubated at 55 C. The rate of growth was observed visually. Slants of rapidly growing cultures were stored at 5 C for 3 months; survivors were selected for further studies. A loopful from a slant culture of starch medium Ia, grown at 55 C for 72 hr, was inoculated into a 250-ml flask containing 50 ml of asparagine-yeast extract-salts medium VII (13), supplemented with 0.2% soluble starch. The flasks were shaken at 120 rev/min on a rotary shaker (model V; New Brunswick Scientific Co., New Brunswick, N.J.) for 42 hr at 55 C; the culture was filtered through Whatman no. 5 paper; the final volume of the filtrate was brought to 50 ml; and the amylase activity was determined by the Nelson-Somogyi (7, 11) procedure. Similarly, growth on nitrate-salts medium 11 (13) , modified by replacement of glucose with 0.5% soluble starch, was estimated. Cultures surviving initial screening procedures were examined for growth after incubation at 32, 37, 45, 55, 60, and 63 C for 5 days on starch medium Ia. Production of thermophilic actinomycete amylases. T. vulgaris strain 5 was maintained on slants and plates of A-agar, which had the following composition: 2.0% soluble starch, 1.0% N-Z Case, 0.1% yeast extract, 0.1% KHaPO4 0.05% MgSO4.2H2O, and 2.0% agar. The pH was adjusted to 6.3 with 1 N HCI prior to sterilization. After incubation for 3 or 4 days at 55 C, the cultures were stored at 4 C. Strain 5 also was lyophilized successfully.
After examination of several methods of inoculum preparation, the following method was found to be the most satisfactory. Moistened cotton swabs were used to remove spores and aerial mycelia from stock culture plates. Fresh plates were inoculated and incubated for 48 hr at 55 C. An 11-mm diameter cork borer was used to cut discs from plates containing thick and uniform aerial mycelia and spores. Five discs, selected at random from different plates, were placed into each 250-ml Erlenmeyer flask containing 50 ml of A-broth. A-broth had the same composition as A-agar, except that the agar was omitted and 0.05% glucose was added. Inoculated flasks were shaken at 120 rev/min. Incubation for 12 hr at 55 C was better than shorter (6 hr) or longer (18 hr) incubation periods. These 12-hr cultures were used to inoculate flasks containing 50 ml of media similar in composition to A-broth; the primary carbohydrate and nitrogen sources were varied. Five flasks were prepared for each treatment. Inorganic nitrogen sources were used at nitrogen levels equivalent to those of the organic nitrogen sources.
Amylase activities were estimated by a method similar to that of Smith Table 2 , inorganic nitrogen sources did not support substantial amylase production; growth was scant. The data in Tables  1 and 2 indicated that yields in synthetic media would be too low for these media to be useful in production of amylase for later purification procedures. On the other hand, growth was good in all media containing organic nitrogen sources, except the medium containing Thiotone ( Table 2) . N-Z Case and Trypticase were better than the other four primary nitrogen sources examined for amylase production. Table 3 shows that maximal growth was obtained with fructose, maltose, mannitol, and soluble starch. As would be expected, maltose and soluble starch were the only two carbohydrates that induced substantial amylase production. Glucose, fructose, and mannitol were unique among the carbon sources examined; a pH of less than 6.0 was maintained after incubation of the cultures for 48 hr. The pH of cultures grown on maltose or starch also was relatively low, although high pH values were obtained when other carbon sources were used.
Levels of starch and N-Z Case were varied (Table 4) to discover the optimal concentration of each for amylase formation; 2.0% starch and (Fig. 1 ) was to start with an initial level of 1% maltose, and then, after incubation had proceeded for 24 hr, to add soluble starch to a concentration of 1%. Greatest quantities of amylase were present when the hyphae were beginning to lyse (Fig. 1) alkaline. Additional studies showed that amylase was synthesized most rapidly at pH values between 6.5 and 7.5 and that amylase inactivation took place rapidly if the pH rose above pH 7.5. An initial pH of 5.9 was better than 5.5 or 6.5 because growth was slow at low pH values, and at high pH values, although growth was rapid, lysis of the mycelium occurred before substantial quantities of amylase accumulated in the medium.
Optimal procedures developed for amylase production by T. vulgaris strain 5 were: growth of the organism on A-agar plates for 48 hr at 55 C; inoculation of five agar discs, 11 mm in diameter, into 50 ml of A-broth; incubation for 12 hr at 55 C on a rotary shaker (Model V, New Brunswick Scientific Co.) set at 120 rev/min; utilization of 1 volume of the shaken culture to inoculate 9 volumes of A-broth containing 1 % maltose; supplementation of the A-broth with 1 % starch after incubation for 12 hr at 55 C; and harvest after continuation of incubation for 12 to 16 hr.
